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1 Problem Statement
Over the past decades, researchers have explored the re-
lationship among home resources, school environment,
and students’ mathematics achievement in a large amount
of studies (Coleman, 1966; Greenwald, Hedges & Laine,
1996; Hampden-Thompson & Johnston, 2006; Mullis et
al., 2012). Many of them suggested that rich home re-
sources for learning were related to higher average aca-
demic achievement. Some also suggested that the home
background was closely associated with the learning en-
vironment, and therefore, influenced students’ achieve-
ments. Thus, this study hypothesized that students who
own more home resources would perform better than stu-
dents who possess fewer resources and that schools that
have more socioeconomically advantaged students, lo-
cated in high-income neighborhoods, and possess more
instructional resources would have better mathematics
performance. The study focuses on eighth graders in Tai-
wan and explores the variance in mathematics achieve-
ment of students as a function of student and school-
level differences. It attempts to answer three research
questions: 1) How much of the total variance in math-
ematics achievement of eighth graders in Taiwan have
been accounted for student and school-level variance? 2)
How much of the student-level variance in mathematics
achievement of eighth graders in Taiwan was associated
with parents’ education level and home educational pos-
sessions? 3) How much of the school-level variance in
mathematics achievement of eighth graders in Taiwan was
associated with students’ economic background of school,
school location, and school instructional resources? The
results, hopefully, will provide some means to help par-
ents, educators, and policy makers in Taiwan improve stu-
dents’ math achievement and narrow the achievement gap
among schools.
2 Literature Review
The home resource has been considered a key factor
in students’ academic performance. Coleman’s report
(1966) presented compelling evidence of the pivotal role
the home resource plays in children’s cognitive skill de-
velopment. Later, a series of research studies were con-
ducted and supported the importance of home resource
in student learning outcome. For instance, Hampden-
Thompson & Johnston (2006) found that parents’ edu-
cation level and occupational status, and the number of
books at home were positively related to students’ aca-
demic achievement. Mullis et al. (2012) reported a
similar finding on the Trends in International Mathemat-
ics and Science Study (TIMSS) 2011 International Re-
sults in Mathematics as well: parents’ education level
and home educational possessions, such as books, study
rooms, and Internet connections were the important re-
sources that were highly related to student achievement.
Therefore, this study is intended to examine how much
variance in math achievement of students of eighth grade
in Taiwan was associated with students’ home resources.
Apart from student-level factors, school resources were
also proven to be highly correlated with students’ aca-
demic achievement. Research of Greenwald, Hedges, &
Laine (1996) confirmed that “school resources are sys-
tematically related to student achievement and that these
relations are large enough to be educationally important”
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(p.384). Moreover, Mullis et al. (2012) found that suc-
cessful schools tended to have students that were rel-
atively economically affluent, possessed more instruc-
tional materials, and located in a better location. This
study, therefore, included several school-level variables
that were key elements of school resources to investi-
gate how much variance in math achievement could be
explained by students’ economic background of school,
school location, and math instructional resources.
3 Methods
3.1 Data and Samples
TIMSS & PIRLS International Study Center is a research
center at Boston College that conducts a series of assess-
ments in a number of countries to measure trends in math-
ematics and science achievement at the fourth and eighth
grades. In general, TIMSS assessments include achieve-
ment tests as well as questionnaires for students, parents,
teachers, schools, and curricula. This study used TIMSS
2011 student achievement data and selected a few items
from student and school questionnaires. The data was
used to investigate how student-level factors and school-
level factors affect math achievement of eighth graders in
Taiwan. The data was gathered from the responses from
5,042 students of eighth grade who attended 150 schools
in Taiwan, as well as the responses from 150 school prin-
cipals. The responses from 4,605 students of 140 schools
were eventually included in the current study after han-
dling missing data.
3.2 Variables
3.2.1 Student Level Measures
As the previous section mentioned, research consistently
showed a strong positive relationship between home
resources and academic achievement. According to the
TIMSS 2011 report, parents’ education background and
home educational possessions, such as books, Internet
connections, and study rooms, were key components
of home resources. Therefore, mother’s education
background, father’s education background, and home
educational possessions are three student-level factors in
this analysis.
Mathematics Achievement (mat). The math ability of
students of eighth grade in Taiwan was measured in four
content areas; they were number, algebra, geometry, data,
and chance. Five plausible values provided by TIMSS
2011 were used in this study.
Mother’s Education Background (mo) & Father’s Ed-
ucation Background (fa). Both mother and father’s ed-
ucation background were acquired in the student ques-
tionnaire. Students were instructed to pick one option
that applied to his or her parents’ highest level of edu-
cation. In order to specify the influence from mother and
father, mother’s education background and father’s edu-
cation background were two variables measured at the in-
dividual level in this study. Both variables were recoded
for the analysis by following the rules:
Highest Education Level of Parents Points
Bachelor’s Degree or higher 5
Associate’s Degree 4
High school 3
Lower-Secondary 2
Primary or lower 1
The student doesn’t know 0
Home Possessions (hp). Home Possessions is a com-
posite variable in the current analysis. It consists of six
survey items, which ask if the participant has a computer,
a study desk, his or her own books or room, Internet con-
nections, and DVDs, software, and videos for mathemat-
ics and science learning at home. Each item was recoded
to: 1 point if the answer was ’Yes’; 0 point if the an-
swer was ’No’. The value of home possessions variable
was the sum of six questionnaire items’ scores. Thus, for
each participant, the higher score he or she obtained in
this variable, the more home educational possessions the
participant had at home.
3.2.2 School Level Measures
Student Economic Background (stueco). Student Eco-
nomic Background is a composite variable, which con-
tains two school questionnaire items: (1) how many per-
centages of students come from economically disadvan-
taged homes, and (2) how many percentages of students
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come from economically affluent homes. The variable
was recoded for analysis by applying the following rules:
Student Economic Background of School Points
More affluent than disadvantaged students 1
More disadvantaged than affluent students -1
Neither case 0
School Location (schlo). This variable measured the
average income level of the school’s immediate area. The
variable was recoded to: 1 point if the school located
in high income level area; 0 point if the school located
in medium income level area; and -1 point if the school
loacted in low income level area.
School Resources in Computer (schrc). A school prin-
cipal completed the survey item by providing the number
of computers that the school provided to eighth graders
for math instructional purposes.
4 Analysis and Results
4.1 Descriptive Analyses
The descriptive statistics of all variables were presented
on Table 1. Students’ math achievement score is 612.5
point on average. The mean mother’s highest educa-
tion level is very similar to father’s; both are at the
Lower-Secondary level. Students on average gain a
value of 4.53 in home possessions variable, indicating
that eighth graders in Taiwan own more than half of the
resources mentioned in the six items. For variables at the
school-level, the mean of Student Economic Background
is .04, meaning that the schools in the sample on average
have neither more affluent nor more disadvantaged
students. Moreover, the mean for School Location is -
.09, which indicates that schools on average were located
in a medium to slightly low-income neighborhood. Last,
eighth graders of each school in the sample own 66.24
computers on average for math instructional purposes.
The correlations between different variables in this
study are displayed on Table 2. All correlations are sig-
nificant at the 0.01 level.
4.2 Preliminary Analyses
In this analysis, a two-level Means-as-Outcomes regres-
sion model was used to model the relationship between
outcome variable math achievements, three student-level
predictors (mother’s education background, father’s
education background, and home possessions), and three
school-level predictors (student economic background,
school location, and school resources in computer).
Prior to building the most appropriate model to predict
students’ math achievement, the unconditional model
(Model 0) was run in order to figure out what percent
of the variability exists between individuals and what
percent exists between schools. This was done in order
to see if there is nesting within groups in the dataset.
Based on Table 3, the reliability of the intercept in this
model is very high (0.898). Table 4 shows that the
intercept of the unconditional model is 609.14, which
is the predicted value of grand mean math achievement
score across students and schools. It is statistically
significantly different from zero (p < 0.001). Also, the
variance components are 8195.39 at the student-level and
2238.60 at the school-level. Both of the random effects
are statistically significant (p < 0.001).
Unconditional Model (Model 0)
Level-1 Model:
Yij = β0j + γij
Level-2 Model:
β0j = γ00 + µ0j
The mixed model:
Yij =γ00 + µ0j + γij
Yij =609.14 + µ0j + γij
In order to check if there is nesting that needs to be
taken into account, the unconditional ICC was calculated
based on the Table 5 results. This tells us the proportion
of variance that exists at the school-level. If this number
is very low, an OLS regression method will be appropri-
ate instead of a multilevel modeling because there is no
nesting to take into account.
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ICC =
τ̂00
τ̂00 + σ̂2
=
2238.6
2238.6 + 8195.38
= 0.215
This means that 21.5% of the variance in mathemat-
ics achievement of eight graders in Taiwan lied between
schools. This nesting was tested with a chi-square statis-
tics, which was significant (p < 0.001), indicating that
there was a significant amount of variability to be ex-
plained between schools. Therefore, a multilevel model
will be constructed. The school-level variables in the
model will attempt to explain some of this variance that
exists between schools. The individual-level variables
will attempt to explain the 78.5% of the variance that ex-
ists between individuals.
Next, in order to assess the appropriate statistical
power, the effective sample size was calculated. The de-
sign effect was computed as follows,
1 + (n− 1)× ICC = 1 + (32.89− 1)× 0.215 = 7.86
Then we got,
Effective Sample Size =
N
Design Effect
=
4605
7.86
= 586
Therefore, the effective sample size is 587, which indi-
cates a sufficient power for these analyses.
4.2.1 Level-1 Analyses
This section focuses on developing and finalizing the
level-1 model for the sample. Mother’s education back-
ground (mo), father’s education background (fa), and
home possessions (hp) are the level-1 predictors that used
to predict students’ math achievement. In the Model 1, mo
and fa were added using grand-mean centering. All slopes
were not allowed to vary randomly across schools. The re-
liability of the predicted intercept is high (0.877). The re-
sults of this model indicate that both mo (γ = 6.86, SE =
1.19, p < 0.001) and fa (γ = 8.19, SE = 1.10, p <
0.001) are significant predictors to students’ mathematics
performance. The slope of mo means that for one-unit in-
crease in mother’s education background above the grand
mean, partialling out father’s education background, there
is a predicted 6.86 point increase in math achievement
score. Similarly, the regression coefficient of fa is 8.19,
indicating that when controlling for mother’s education
background, one-unit increase in father’s education back-
ground above the grand mean leads to a predicted 8.19
point increase in student’s math achievement. The vari-
ance components indicate that 4% of the variance at the
individual-level and therefore 3% of the total variance in
math achievement were explained by mother’s education
background and father’s education background.
The third level-1 predictor, home possessions (hp), was
added to the model. The reliability of this new model
(Model 2) is also high (0.848). The results of this model
indicate that hp (γ = 9.29, SE = 1.41, p < 0.001) is a
significant predictor in the model. The coefficient means
that when controlling for mo and fa, one-unit increase in
home possessions index above the grand mean leads to
a predicted 9.29 point increase in student’s math score.
Also, predictors mo (γ = 6.24, SE = 1.17, p < 0.001)
and fa (γ = 7.45, SE = 1.07, p < 0.001) remain sig-
nificant in this model. Therefore, we can conclude that
hp, mo, and fa are significant student-level predictors in
the sample. Adding the home possessions variable also
helped explain another 1% of the individual-level vari-
ance; so this model together explained 5% of the variance
at the individual-level and 4% of the total variance in math
achievement.
In the Model 3, the slopes of the three level-1 predic-
tors were allowed to vary randomly across schools in
order to see if there is any variability in slopes between
schools that can be predicted at Level-2. The results
of this model show that hp, mo, and fa significantly
predict math achievement, but their slopes do not vary
between schools (p > 0.05). This indicates that there is
no variability in slopes of the level-1 predictors among
schools. Therefore, the slopes of these three variables are
fixed and the finalized level-1 model is shown below.
Model 4
Level-1 model:
Yij =β0j + β1j(moij − mo..) + β2j(faij − fa..)+
β3j(hpij − hp..) + γij
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Level-2 model:
β0j = γ00 + µ0j
β1j = γ10
β2j = γ20
β3j = γ30
The mixed model:
Yij =γ00 + γ10(moij − mo..) + γ20(faij − fa..)+
γ30(hpij − hp..) + µ0j + γij
Yij =609.72 + 6.24(moij − mo..) + 7.45(faij − fa..)+
9.29(hpij − hp..) + µ0j + γij
4.2.2 Level-2 Analyses
After finalizing the level-1 model, the school-level pre-
dictors were added for the analyses. The level-2 predic-
tors used in this model (Model 5) were student economic
background (stueco), school location (schlo), and school
resources in computer (schrc). Since there was no ev-
idence from previous studies that the level-2 predictors
were associated with mother’s education background, fa-
ther’s education background, and home possessions, the
level-2 variables were only entered to predict the inter-
cept. The results of the Model 5 show that along with
the student-level predictors, stueco (γ = 19.41, SE =
6.54, p = 0.004), schlo (γ = 23.41, SE = 9.31, p =
0.013), and schrc (γ = 0.2, SE = 0.08, p = 0.016) are
significant predictors between school differences in math
achievement (Table 9).
Based on the above analyses, Model 5 is the final model
for the sample. In this model, the reliability of the inter-
cept is 0.836, which is desirable. The intercept is equal to
597.93, meaning that if a student whose mother’s highest
education level and father’s highest education level equals
the grand means, home possessions is identical to the
grand mean, and he or she is in a school that has neither
more affluent nor more disadvantaged students, locates
in medium income level area, and owns zero computer
for math instructional purposes by eighth-grade students,
the predicted math score of this student is 597.93 points.
The results of this model also indicate that mother’s ed-
ucation background (γ = 6.21, SE = 1.17, p =<
0.001), father’s education background (γ = 7.32, SE =
1.07, p =< 0.001), home possessions (γ = 9.09, SE =
1.40, p =< .001), student economic background (γ =
19.41, SE = 6.54, p = 0.004), school location (γ =
23.41, SE = 9.31, p = .013), and school resources in
computer (γ = 0.2, SE = 0.08, p = 0.016) are signifi-
cant predictors of math achievement (Table 9). The coef-
ficient for student economic background indicated that for
every one-unit increase in school student economic back-
ground above the grand mean, math achievement score
is predicted to increase by 19.41 points holding all other
variables constant. The coefficient for school location
means that for every one-unit increase in school location
index, there is a predicted 23.41 points increase in math
achievement score holding all other variables constant.
Last, the slope of school resources in computer indicate
that by holding all other variables constant, every one ad-
ditional computer owned by eighth-grade students in the
school for math instructional purposes leads to a predicted
0.2 point increase in math achievement score. Also, this
final model explained 5% of the student-level variance,
44.8% of the school-level variance, and 13.6% of the total
variance (Table 8). There was still a significant amount of
variance at both levels left to be explained.
The final model is presented below:
Level-1 model:
Yij =β0j + β1j(moij − mo..) + β2j(faij − fa..)+
β3j(hpij − hp..) + γij
Level-2 model:
β0j = γ00 + γ01Wj stueco+γ02Wj schlo + γ03Wj schrc + µ0j
β1j = γ10
β2j = γ20
β3j = γ30
The mixed model:
Yij =γ00 + γ01Wj stueco + γ02Wj schlo + γ03Wj schrc
+ γ10(moij − mo..) + γ20(faij − fa..)
+ γ30(hpij − hp..) + µ0j + γij
Yij =597.93 + 19.41Wj stueco + 23.41Wj schlo + 0.2Wj schrc
+ 6.21(moij − mo..) + 7.32(faij − fa..)
+ 9.09(hpij − hp..) + µ0j + γij
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5 Conclusion
In general, these results indicate that all student-level
variables and school-level variables are significant pre-
dictors in this study and positively related to mathemat-
ics achievement, which are identical to previous research
findings. The higher the student’s mother or father’s high-
est level of education, the better the student is predicted to
perform in math. Another student-level variable, home
possessions, is a significant predictor of math achieve-
ment as well. The more home possessions a student owns,
the higher score the student is expected to achieve in math.
Last, there is no variability in slopes of the level-1 predic-
tors between schools.
In Taiwan, schools with more students from afflu-
ent families are predicted to outperform those with
fewer numbers of socioeconomically advantaged stu-
dents. Schools in high income level neighborhoods are
expected to perform better in mathematics than those in
poor areas. The very small coefficient of school resources
in computer indicates that this variable can only predict
a very little amount of math achievement, which is not
consistent with previous findings. Also, from the findings
we can observe that in Taiwan, wide achievement gaps in
mathematics exist among schools with different percent-
ages of economically advantaged students. Achievement
gaps are also found among schools located in different in-
come level neighborhoods.
In general, the results imply that educators and policy
makers have several possible means to help students of
eighth grade in Taiwan improve their math achievement.
For instance, they can encourage parents to purchase more
educational resources for children and improve the home
learning environment. Furthermore, some issues are rec-
ommended for future research, for example, examining
how parents’ education background affect students’ math
achievement and the performance in other subjects. By
understanding this issue, appropriate supports or inter-
ventions can be implemented and better assist students.
Further investigating the cause of wide math achievement
gaps among schools (e.g., funding systems, teacher qual-
ifications, and school organizations) are also needed. If
a lack of resources is the cause, administrators or pol-
icy makers may consider providing more funding to the
schools who need more supports.
There is a limitation to be noted regarding this study.
Extensive research has shown that school instructional
resources are important positive indicators for academic
achievement. However, school resources in computer
only predict a small amount of math achievement in the
current study. After examining the content of the related
questionnaire item, I suggest including more information
into this item in the future. Except for the number of
computers owned by eighth graders for math instructional
purposes, other instructional resources in schools can be
taken into account, for example, math learning tools and
software. By including more relevant information, a bet-
ter understanding of the relationship between school re-
sources for math instruction and math achievement will
be possibly obtained.
Moreover, the method used in this paper could be ex-
tended to multi-dimensional data based on techniques
such as CP decomposition, Tucker decomposition and t-
SVD, for example. More details are under preparation
and would be in our next paper.
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